Objective: There is a common notion that beer drinkers are, on average, more 'obese' than either nondrinkers or drinkers of wine or spirits. This is reflected, for example, by the expression 'beer belly'. However, the few studies on the association between consumption of beer and abdominal obesity produced inconsistent results. We examined the relation between beer intake and waist-hip ratio (WHR) and body mass index (BMI) in a beer-drinking population. Design: A cross-sectional study. Settings: General population of six districts of the Czech Republic. Subjects: A random sample of 1141 men and 1212 women aged 25-64 y (response rate 76%) completed a questionnaire and underwent a short examination in a clinic. Intake of beer, wine and spirits during a typical week, frequency of drinking, and a number of other factors were measured by a questionnaire. The present analyses are based on 891 men and 1098 women who where either nondrinkers or 'exclusive' beer drinkers (ie they did not drink any wine or spirits in a typical week). Results: The mean weekly beer intake was 3.1 l in men and 0.3 l in women. In men, beer intake was positively related to WHR in age-adjusted analyses, but the association was attenuated and became nonsignificant after controlling for other risk factors. There appeared to be an interaction with smoking: the relation between beer intake and WHR was seen only among nonsmokers. Beer intake was not related to BMI in men. In women, beer intake was not related to WHR, but there was a weak inverse association with BMI. Conclusion: It is unlikely that beer intake is associated with a largely increased WHR or BMI.
Introduction
There is no general consensus as to the relation of obesity to moderate alcohol intake. A recent literature review found approximately similar numbers of studies that reported a positive, negative and no association (Suter et al, 1997) . Since moderate alcohol is believed to increase the positive energy balance (Suter et al, 1997) , and since beer contains more carbohydrates (and thus possibly more useable energy) per unit of ethanol than most wines or spirits, beer has been suspected of increasing the risk of obesity to a larger extent than other alcoholic beverages. There is a common notion that beer drinkers are, on average, more 'obese' than either nondrinkers or drinkers of wine or spirits. This is reflected, for example, by the expression 'beer belly' (Duncan et al, 1995) . If this is so, then beer intake should be associated with some general measure of obesity, such as body mass index (BMI), or with indices of fat distribution, such as waist-hip ratio (WHR), or with both.
The literature on the relation of beer-to-obesity indices is sparse and inconsistent (Slattery et al, 1992; Duncan et al, 1995; Kahn et al, 1997; Dallongeville et al, 1998; Rosmond & Bjorntorp, 1999) . Since obesity, particularly abdominal, is a strong risk factor for cardiovascular disease (Larsson, 1992) , and beer is becoming increasingly popular, we thought that this question deserves some attention. To do so, we analysed data from the Czech Republic, a country with the highest registered per capita beer consumption (about 155 l) (Food and Agricultural Organisation of the United Nations, 1998). To remove a potential confounding related to consumption of other alcoholic beverages, only abstainers and subjects who reported to drink beer, but no other beverages, during a typical week were included into these analyses.
Methods
We used data from the third Czech MONICA survey in 1992. The details have been described elsewhere (Bobak et al, 1999) ; briefly, 1141 men and 1212 women aged 25-64 y, randomly selected from the population registers of six Czech districts, have been invited to participate in the study. Participants (response rate 76%) completed a questionnaire, gave a blood sample and underwent a short examination in a clinic. Anthropometric measurements were taken from subjects undressed to their underwear and without shoes. Weight was measured using a mechanical scale with precision to the nearest 1/2 kg, and height was measured by a steel stadiometer to the nearest 1/2 cm. BMI was calculated as weight (kg) divided by height (m) squared. Waist circumference was measured by a plastic tape at the midpoint between the iliac crest and lowest rib margin and hip circumference was measured at greater trochanter, both to the nearest 1/2 cm.
Participants reported the frequency of drinking any alcohol, and how much wine, spirits and beer they consumed during a typical week. Among men, 73% of drinkers drank beer, but no wine or spirits, during a typical week; this proportion was 62% in women. We considered these participants 'exclusive' beer drinkers. Of the total of 1141 men and 1212 women who took part in the study, only 11 men and 30 women were 'exclusive' wine drinkers, and only 16 men and 32 women were 'exclusive' spirit drinkers. These numbers were too small to produce meaningful results, and all analyses were therefore restricted to nondrinkers and 'exclusive' beer drinkers (891 men and 1098 women). These subjects were categorised into four groups according to their average weekly intake of beer: nondrinkers; r1l (less than approximately 36 g of alcohol); 1.1-3.5 l (18-125 g of alcohol); 3.6-7 l (126-250 g of alcohol); and 47 l (4250 g of alcohol). Since there were only two women in the highest category, for females the two highest categories were pooled.
The study subjects also completed a 24-h dietary recall on a separate occasion. Since a 24-h recall is not a good measure of longer term intakes at the individual level, we used the 24-h recall to assess the reporting of beer intake in a typical week at the group level. The beer intake in the 24-h recall increased sharply with the reported beer intake during a typical week. In men, the mean 24-h intake of beer in the five groups of 'average intake' was 0.074, 0.168, 0.393, 0.788 and 1.437 l. Among women, the mean 24-h intakes in the four categories were 0.013, 0.086, 0.166 and 0.308 l. This suggests that the self-reported beer intake is reasonably reliable.
The association between beer intake and BMI and WHR was analysed by linear regression, separately in men and in women. We estimated the differences in WHR and BMI between categories of beer intake and nondrinkers (the reference category). We also estimated the effect of beer intake at a continuous scale (per 1 l of beer per week), which is equivalent to a test for linear trend. For each of these, we present age-adjusted estimates and estimates adjusted for smoking (number of cigarettes per day), total cholesterol, physical activity (a score based on frequency of light, moderate and vigorous activities) and education (primary, apprenticeship, secondary and university). We included both WHR and BMI in multivariate models simultaneously, but as the results were not changed, results of the simpler models are reported. We did not adjust for blood pressure and HDL cholesterol. Although both these factors are associated with alcohol intake, they are also related to the metabolic syndrome part of which is abdominal obesity (Defronzo & Ferrannini, 1991) , and adjusting for these would lead to an overadjustment.
We did similar calculations for drinking frequency, but since the associations were of similar direction but not statistically significant, only the findings for beer intake are presented. We also tested for an interaction between beer intake and BMI, as suggested by Duncan et al (1995) , between weekly beer intake and drinking frequency, and between beer intake and smoking.
Results
The mean weekly intake of alcohol in this population was 158 g in men and 22 g in women; of this, 79 and 55%, respectively, was consumed as beer. The mean WHR was 0.93 in men and 0.81 in women, and mean BMI was 27.1 in men and 26.9 in women; the mean weekly beer intake was 3.1 l in men and 0.3 l in women (Table 1) . Further descriptive statistics of the subjects included in the analyses are also shown in Table 1 . Beer intake was significantly positively associated with smoking in both genders, and negatively with education in men; it was not related to total cholesterol or age (not shown in the table).
In age-adjusted analyses, beer intake was positively related to WHR in men and negatively in women (Table 2) . After controlling for other factors, the regression coefficient in men was approximately halved, and it lost statistical significance. The attenuation of the positive association in men was not because of a single factor; physical activity, smoking and education all contributed to the reduction in the effect estimates. In women, there was no clear association between beer intake and WHR. Controlling for BMI did not change the results in either gender. Excluding subjects with a history of angina, cardiovascular disease, diabetes or neoplasm did not change the results.
BMI was not related to beer intake in men, but there was a marginally significant inverse association in women, which was somewhat attenuated in the multivariate analysis (Table 2 ). This relation was seen across the whole distribution of alcohol intake. Further adjustment for WHR or excluding subjects with a history of a chronic illness did not change these results.
The frequency of drinking beer was associated with WHR and BMI in the same direction as the weekly intake, but the associations were not statistically significant. When both drinking frequency and weekly intake were entered in the same model, any suggestion of an effect of drinking frequency was entirely lost (not shown). There was no interaction between the weekly beer intake and drinking frequency but, because of the regular drinking pattern in the Czech Republic, there were very few men with high weekly intake but low drinking frequency.
We also examined whether the effect of beer intake on WHR is modified by BMI and smoking. The positive association between beer intake and WHR was stronger in men with BMI below the median level (regression coefficient 0.002/1 l of beer per week) than in men above median BMI (coefficient 0.001), but the interaction was not statistically significant (P ¼ 0.48). We also found that the effect of beer was stronger among male nonsmokers (regression coefficient 0.003/1 l of beer per week) than in male smokers (coefficient 0.001, prevalence of male smoking 39%), P for interaction 0.029. There was no suggestion of any such interaction among women.
Discussion
We found that in this beer drinking population the intake of beer was weakly positively associated with WHR in men, and it was weakly negatively related to BMI in women. Smoking appeared to modify the effect of beer intake on WHR in men.
The cross-sectional design has disadvantages, but we did our best to reduce them. Subjects who reported drinking any other alcoholic beverages during a typical week were excluded from the analyses, and therefore factors related to preferences of other beverages could not confound the results. Excluding subjects with history of a chronic disease did not change the results; it is therefore unlikely that health selection bias affected this study. Although the sample size Beer and obesity M Bobak et al was relatively modest, the large variation in beer intake provided a sufficient power to study its relation to obesity indices in men. The variation in exposure in women, however, was small. We were unable to formally validate the typical beer intake, but at a group level it was strongly associated with the 24-h recall data. In addition, the usual beer intake was strongly associated with HDL cholesterol; this also supports the validity of the data. Previous studies of the associations between beer and obesity are inconsistent. In the ARIC study, consumption of beer and spirits were positively associated with WHR, presumably in both genders, as only pooled results for both genders were reported (Duncan et al, 1995) . In the CARDIA study of US young adults, beer was also positively associated with WHR in both genders (Slattery et al, 1992) . By contrast, in a subsample of the US Cancer Prevention Study II, there was no clear association between beer intake and 10 y changes in 'weight gain at the waist' in men or women, and beer intake was negatively associated with 10 y changes in BMI in both genders (Kahn et al, 1997) . In a French study, beer (and wine) intake was positively associated with WHR in women but not in men, and inversely with BMI in women (Dallongeville et al, 1998) . In Swedish women, WHR correlated negatively with consumption of beer (and wine) (Rosmond & Bjorntorp, 1999) .
The differences between studies may partly be because of the different drinking cultures. In different populations, the choice of drink may be related to a different set of confounding factors. The Czech Republic is a good place to study the effects of beer. Unlike in the US or France, beer is the most common drink for both men and women. It is consumed with meals, and most people drink beer often and in moderate amounts. Beer intake in the Czech Republic, at least in moderate amounts, is not related to social disadvantage, and it does not bear any social stigma. In this population, therefore, beer drinking is less likely than in other countries to be confounded by other factors.
The interaction between beer intake and smoking in predicting WHR in men is intriguing. The interaction may be genuine, since smoking tends to be associated with reduced body weight (Grunberg, 1990 ) (but not necessarily central adiposity, (Samaras & Campbell, 1997) , and it may potentially modify (and obscure) the effect of beer on obesity. However, we remain cautious on this issue because we tested for several interactions in this relative small data set, and the results may be because of type I error.
We were unable to explain the inverse relation between beer intake and BMI in women. Menopausal status, smoking or other lifestyle factors did not account for it. In the multivariate model, however, the association was not statistically significant, and it is possible that the suggestion of an inverse relationship is because of random error.
There were few heavy drinkers in this study; less than 3% of men drank !14 l a week (approximately equivalent to 65 g of ethanol a day), and only five women (0.5%) drank !7 l of beer (B32 g of ethanol a day). This study therefore did not address the effects of heavy drinking. In terms of moderate beer drinking, our results are consistent with the literature, which suggests that the association between beer and obesity, if it exists, is probably weak.
